The scattering potential of the defects on Ge(001) surfaces is investigated by first-principles methods. The standing wave in the spatial map of the local density of states obtained by wave function matching is compared to the image of the differential conductance measured by scanning tunneling spectroscopy. The period of the standing wave and its phase shift agree with those in the experiment. It is found that the scattering potential becomes a barrier when the electronegativity of the upper atom of the dimer is larger than that of the lower atom, while it acts as a well in the opposite case.
82
Exchange correlation effects are treated by a local density approximation 15 of the DFT, and 83 the projector augmented wave method 16 is used to describe the electron-ion interaction.
84
In the OBM calculation performed to obtain the scattering wave functions, the norm- Figure 2 shows the charge density distribution of the scattering wave functions for the 94 electrons propagating from both the left and right electrodes with an energy of E F +0.55 eV,
95
which corresponds to the spatial image of the differential conductance in the STS spectrum.
Here, E F is the Fermi energy. The standing waves on the xy plane, which is 2.7Å from 97 the upper Ge atom of the Ge(001) surface, are plotted. It is found that the standing 98 wave emerges in all the models. Since only π * band of the Ge (001)- (2×2) surface is the 99 propagating wave at just above the Fermi level, the scattering wave functions ψ in the 100 incident electrode is written as ψ(r) = e ikxx u(r) + Re −ikxx u * (r) with u(r) and R being the larger (smaller) than that of the SiL dimer, and the phase shifts of the SiU and SnL dimers are negative, while that of the SiL dimer is negative. These relationships do not change by 124 the points employed for the fitting and these findings consistent with experimental results.
I have assured that the phase shift is not affected by the energy of the propagating waves 126 significantly; the phase shifts for the energy of E F +0.45 eV are listed in Table II, when they   127 are computed using the density above the lower atoms including the impurities.
128
Let us discuss the scattering property of the defects in more detail. The OBM method 129 provides the reflection coefficients of the scattering waves, which give us information on the 130 scattering potential upon using a one-dimensional free-electron-like model. and length a of the scattering potential are determined by
which is derived from the penetration of electrons into a one-dimensional square potential surfaces without impurities in the present study, which might result in the difference in the 148 sign of the scattering potentials.
149
It is known that an electron conducts through the π * band of the Ge-Ge dimer on the Ge(001) surface, the π band accumulating around the upper atom of the dimer is occupied after the surface reconstruction, as shown in Fig. 5(a) . When the electronegativity of the 154 upper atom is larger than that of the lower atom, the energy of the π (π * ) band further 
